Role-play as a way of teaching is seldom used in physics. One reason is that role-play is usually constructed so as to contain some sort of conflict and conflicts do not often appear in the course of normal physics teaching. When it comes to the role of physics in war, role-play is an ideal way of presenting content to students. By taking part in role-play students become actively engaged in the teaching situation, developing their interest in physics. They also get a chance to understand the ethical issues involved.
Introduction
A reform of the entire Danish school system was launched in 2005. In the reform, science teaching and physics teaching play a more important part in education especially at the upper secondary school level [1] . As a consequence even students focusing on the humanistic subjects must take several physics and science courses. This change calls for new ways of teaching science, as it now needs to be presented to, and understood by, a larger and less homogeneous group of students with varying levels of interest in science. One of the ambitions of the reform is that science teaching becomes relevant and essential to all students and the criterion of success is to catch, hold and increase students' interest in science [2] .
Gräber et al [3] suggest role-play as a good way to develop the students' interest in science and their scientific competence. This article investigates this statement, focusing on students' interest in physics and the ethical competence using a specific role-play example.
Students' interest in physics
It seems somewhat obvious that learning is more efficient if the students are interested in the subjects being taught. This statement was investigated by Dewey in 1913 [4] where he highlighted the connection between interest and effort in education. As he stated, if you catch the students' interest you are guaranteed to get their attention, providing a good foundation for learning. But despite Dewey's conclusion nearly 100 years ago, the physics curriculum of today still fails to appeal to the majority of students and they find physics uninteresting [5] . What is needed to catch, hold and develop students' interest has been intensely researched during the last two decades. Krapp et al [6] [7] [8] state that interest is divided into the categories of situational interest, emerging in a specific situation, for example a teaching sequence, and individual interest, a more permanent interest that dwells inside a person.
According to Krapp [8] a situational interest is primarily initiated by external factors. Whether or not a situational interest emerges depends on the interestingness of the given situation. Some of the external factors that affect this are the teacher, the content taught, the social interaction, the learning materials used, the activities, the degree of student involvement and the presentation of the contents.
The investigation of the teaching approach in this project is as regards how the use of active narratives in the form of role-play leads to a teaching situation that develops the students' interest in physics.
Role-play in physics teaching
What is role-play and how does it fit into physics education? In brief, role-play or simulation techniques are a way of deliberately constructing an approximation of aspects of a 'real life' episode or experience, but under 'controlled' conditions where much of the episode is initiated and/or defined by the teacher [9] .
Over the years different kinds of role-play have been popular and role-play has been used in a lot of different contexts. The use of role-play in educational research, however, has a somewhat sparse history and the documented use of role-play in science education is nearly non-existent.
With science education now focusing on competences, the use of role-play in physics teaching may help.
Ethics in physics
Gräber et al [3] suggest a competence based model of scientific literacy including seven key competences needed for the students to cope with our complex world. If it is to develop students' ethical competence, physics needs to be presented in unconventional ways. Role-play can be used as a tool for developing students' ethical competence if the plot of the role-play involves a conflict of ethical nature.
A role-play based educational programme
This section presents an IT-supported interdisciplinary role-play based educational programme developed for lower and upper secondary schools in Denmark. The educational programme called Dramatic Science Play (DSP) involves the subjects of physics, history and social studies. It was developed in a collaboration between two centres at the University of Southern Denmark 1 . Briefly, the scenario of the role-play is two imaginary meetings at the White House in August 1945, based on the real meetings of the Interim Committee.
The topic of nuclear weapons in the context of World War II was chosen for several reasons. First of all nuclear weapons are still a highly debated topic in the world today and the role-play helps the students to respond critically to the news they receive daily from the media. Secondly a lot of the technology which the students encounter is based upon atomic theory and the effects of radiation discovered before, during and after the development and use of the nuclear bombs. Thirdly the bombing of Hiroshima and Nagasaki had its 60 years anniversary last year (2005) and the role-play helps the students remember and understand those historical events. And finally the students see how physics plays a major part in history and society.
The design of an educational programme
The question that emerges when developing an educational programme is how to design and integrate it into the already existing physics teaching.
In this section the design of DSP will be outlined, giving the reader an insight into how role-play can be integrated into their physics The following subsections of this article describe the six stages of the educational programme in detail.
Introduction
At the beginning of the educational programme the teacher hands out 30-page booklets developed for the role-play and presents this to the class. The booklets are designed to develop background understanding needed to engage in the role-play. This includes the physics of nuclear bombs, the history that led to the bombing, and the nature of society during World War II. The booklet also tells a good story integrating the history of physics and science with the history of World War II.
Distribution of characters
The students now get to pick which characters they want to play in the role-play. The roleplay is performed by small groups of 6-9 students and the students get to pick freely which of these characters they want to be in the role-play.
The role-play is performed by small groups so that none of the students can hide and avoid participating. All of the students have to become active participants.
The characters the students can choose from are separated into three groups and consist of the nine characters listed in table 1. When the students have made their choice they are handed a sheet describing their character.
Preparation of character-related knowledge
The students now have to prepare themselves. Each of the character sheets contains specific questions. These help students to develop expert knowledge which they will present during the roleplay. By preparing the questions the students get a deeper understanding of the specific subject that their chosen character is an expert in. Physicists have to learn more about the fundamental atomic Table 1 . The nine different characters in DSP.
Politicians and military characters
theory and the fission processes behind the two bombs-Little Boy and Fat Man. Politicians and military characters have to learn more about the technology of the bomb, like why it was assembled over Japan and why it should be dropped by plane and the political situation at the end of World War II. Doctors have to learn about the health effects of radioactive material and the fallout after a nuclear blast.
Nine small groups are constituted, one for each character. Within each group, students playing the same character collaborate using the material handed out, the Web-page created for this project [10] and their normal school books to get the scientific, political and historical insight they will later need.
Preparation of characters
In order to perform the role-play well and become their character, the students need to identify themselves with their character's personality. This is done by studying the character sheets that have been handed out, searching for more information on the homepage and the Internet and by answering personal questions asked on the character sheet while being in character.
After completing this stage, for example, students playing Oppenheimer know a lot about Oppenheimer as a person and how to imitate him in the role-play.
The role-play
Now it is time for the students to perform the actual role-play. The role-play consists of two parts of approximately 45 min separated by a break. Both parts of the role-play imitate 1945 meetings of the Interim Committee
The first part of the role-play takes place before the bombing of Hiroshima. The scenario is the presentation of the new American weaponthe nuclear bomb-and the participants at the meeting talk about how it works, how to use it and where to use it. The first meeting ends with a letter from the president announcing his decision to bomb Hiroshima.
The next part of the role-play is a second meeting that takes place a couple of days after the first meeting and the bombing of Hiroshima. In this meeting, the students are presented with some of the consequences of the nuclear bomb and they have to decide whether or not to use the second bomb and bomb Nagasaki.
Each group contains 6-9 characters, carrying out the role-play at the same time. They do this with students placed around a discussion table (see figure 1 ), in different classrooms so the groups do not interfere with each other.
The role-play is controlled by the students themselves. The teacher is free to walk between the classrooms and listen to the role-plays in progress without interfering.
At the beginning of each part of the roleplay, one of the students (the secretary of the group) is given a set of event cards. These cards contain messages from the President, who wants the characters' advice on specific topics, and indicate when the messages should be read out loud to the group.
Conclusion
After the role-play, all the students are assembled in one classroom to discuss what happened and what were the outcomes of the role-plays for different groups. As some of the endings in the role-plays might be different to what actually happened, this is a good opportunity to discuss what then might have happened if, for example, the Americans had decided not to use the bombs, or if the bombs had never been invented.
Finally the students are asked to write a short letter while in character, addressed to a family member or future child, explaining what happened at the meetings and why decisions were made. This makes the students critically reflect ethically upon what happened in the role-play and gives them a chance to write down what they have experienced.
Some early results
The educational programme was evaluated in the late spring of 2006 in the subject of physics in ten lower secondary school classes and two upper secondary school classes. This article presents some early research results based upon a semi-open questionnaire containing 56 questions answered by the students after completing the educational programme. Later research results will include interview analysis of some of the students and the teachers and video recordings of the role-play itself.
Role-play in physics teaching
One of the things I wanted to know was what the students thought of the specific role-play DSP (figure 2) and how suited the students think roleplay is for physics teaching in general ( figure 3) . The majority of the pupils were positive towards both DSP and the general use of role-play in physics teaching.
From the first question about the Hiroshima and Nagasaki role-play some of the pupils commented that 'it was a good and exciting way to learn. You engage yourself more in it, and you do not become tired of it, as you can do with blackboard teaching.', 'I thought it was fun' and 'OK; good that all in the class had to How suitable is it to use role-play in the teaching? (science teaching)
secondary school upper secondary school say something, no one could hide at the back of the class'. Some of the comments for the second question were 'it gets stuck (in memory) compared to ordinary teaching', 'seems like a good alternative form for teaching' and 'much more fun way, it is a kind of teaching where everybody participates'. The conclusion from these two questions is that students find role-play useful in physics teaching.
Students' interest in physics
In order to investigate whether students become actively engaged in the teaching situation, developing the students' interest in physics, I asked the students to write some keywords describing the good things about the role-play. Many of the students wrote that role-play was: a new; a different; a fun; an exciting; a challenging and an interesting way to learn. Also one of the students wrote '. . . at the same time it suddenly becomes interesting to read and practise on the material as it was necessary to prepare your role', expressing in a clear statement how the active preparation for the roleplay resulted in a situational interest. Another student expressed how being actively engaged in the role-play affected her interest in the teaching situation by writing that '. . . it gives a greater interest when you get to participate yourself . . .'. I also investigated the change in the students' interest in physics by asking the students how interested they were in physics after the role-play compared to their interest in physics before the role-play (figure 4). These answers, as well as the remarks made by the students, suggest that this specific role-play had a positive influence on many of the students' interest in physics. A cautious conclusion based on these results is that roleplay can be used in physics teaching to develop students' interest in physics.
Ethics in physics
When it comes to the ethical competence it is clear that this particular role-play with its debates on the use of the nuclear bombs develops students' ethical competence. As some of the students wrote 'you learned a lot about the war itself and the USA's quandary' and 'I learned a lot about what quandaries the scientists were in when they had produced the bomb. They did not know the bomb would be used to hurt civilians'.
Conclusion
Role-play as a way of presenting physics content develops the students' interest in science as they become actively engaged in the teaching situation.
Creating a role-play plot involving an ethical conflict develops students' ethical competence and helps the students realize the connection between physics and society in a historical context. However, it is also important to acknowledge the limits of using role-play in physics teaching. It does not address all subject competences. Roleplay should be considered as a good supplement to physics teaching in both lower and upper secondary school, not as a replacement. As one of the students commented: 'It should just appear as a variation, not so often that it does not appear as something special'.
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